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n. eharaaterietioa of a hlUac Pila D10t111&'101l Col.-
..... pnaented. 1"lw work l.Ul~ b7 the w1_ .. hu 'beft 111litM t. 
tM atucl7 of a 001 .. ot fixed 1eac'1l _d 41 __ ,. ........ the e._Uti ... 
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Up to ,he pJ' .... ~ ,'-- ........ • , .,. • • t «i .. l1laU .. 
"1 .... ve __ .... 1.,... fM _n "..1 ... , et 1; ....... at.w 
,la_ MUl bult~t.. ea, at" •• the ai •• ,late 18 the a1Jlp1e1' 01 t.U 
.... _4 oouln. .1 • _"leal tow ... 01 pu,aobt4 ,la.8 ...... Uqu14 
la 00-.0.4 07 'f'&JMlI' '" .rtod • __ .. 1&1 iater..... the bul.bl. 
oa, t.oww 1a a type bl wh:1oh U1 .,teapt 1 ...... to tapn ... tra ... s...-
.ti_ '7 •• '" iI1:td .• '. ad 1-.1" ooa ... , ........ 11 .. 14 u4 _po". 
A further ..... 1.,.._ t • ., .'tll gnaWr ... 01; &Na 10 \he ,. .... 
towe... ill 1rh1eh sm. ..... tau..,. .t .o.tao' ia obtal'" lJ)P ,...0111& 
the _per •• 1" ..... areatel' nrtaoe ....... tor 1; ... __ ......... 1 .... 
fhe ,.0" t.oww dltto.,. troa .. fl .. at. two 1B 1;_t tM ....... -
tloa .,.ut_, 1. c,n41aal t:roa W, ,. ""- lu1;oa4 ot .... ~ .. . 
..... __ I'll a'ill ... 1pa an ....... "-ori •• t.rau1.-. 
I 
OJ 
1Toa ,.. ... towr o'-liea. the 11",14 lila """1"18& ........... k-
? 
11:&& 10 MOD .... 14_1 ... 1_ ter 'IapOr .. ___ • an4 tM ~ .tll1. 
i'. 
tiut ....... _1--. ad , __ ""- walle4 ...... tollow 1;Jd.~ ...... 
, 
iaoh .... lp .. 1t. ... ohar ... rl'-" •• u.c1 l' ... 
ohuM1 ... 1;0 1Ja4\1drial fl01d. t ..... r1Jl.g the .pHial .ttribUte •• f 
I ta. 1;Jpe. Por • ..,1 ..... t ....... '1_ 1JI4utI'1 •• alIi ... 81 •• 
plato 001 __ , ,he petrol_ UMluVl •• UN bat. d1lla &ad bubble 
tny _ara. ODe rea ... to .. the tormer .... the .\d.tab111" .t th. 
ale ... plato tor huuUlag a liCltdcl .t I'Olatl .... 17 Mp aoUd. " ___ ' • 
..,. ... tlt.o buhbl •• p _1' waa ,lION na4ily ....... 1»1 .. to .. _&p • 
... 11laC _gl1Clbu .. 110 aater1ala whore hip trao1st ..... 1_ 
ettlei • ..,. ... 4_404. In 1',-14. waara low "Molu_ p,.. .. voa wen 
I 
.... .." aDd Uttle eatni_t I ... eoaU be tol .... tH. the aprq 
.10111 .. iatrod..... It .. Old, p&ri1a117 aue .... tul b4teau ... ~ It. 
iublU.V -. re4 ... "I'&~. atat. ..... ooata al .. J'U hiclMJr 
, __ .ape .... aD4 'thea1apUtiM ••• i.gn _1"," ............. or _ttl. 
pla ... ril11. 
,he ltaffle or ea .... 10". ooap1e1le17 .11a1Ba.cl tlIe 41.-
........... of' tile mt.t t .... ill .. 1a • ."..., .tin. ltD wi1o .. tbe _ ... at of 
'YfW7 hlp ftouua ,J'O....... i.t .. tenDul "bat 10hl ...... nl11 ba4 too 
Inch. ,r ... ve elro, 0 .... t_up l' ... oou14.rab17"lew that or ,...-
't'iou pla_ 001_ o.leu. fa..at u4 probab1l' 1.kat .. lp of 
oo_rolal 1~ ... tl1e wtt .. w.llH 'owe .... !lld •• col_ 1 • 
• bd.lar to .. tubular fila type o""pol'&1o.r. aD4 altaoup the,.. 1. I1ttle 
1Jtf'ormatloJ1 .. thla apparatu 11\ tlMt ~told of' .letl11atl.a. lt 1. OOJI-
.. 1 ... 1>1. tMt uta -'7 ....... 111 ... t",. that ot 0""po7&t1_ tor .. l"taiD 
... lp taoten. I_wI". h.r teo 11ttle iJatonatloa 1 ... ftllabl. 1. the 
11t.,..1o .. oewr1Bc tid. 1lIpoJ"tald; pi ... ot equl,.... ... 1t t. tile 
PVPO" of' thie ta .... tlp15iea to .... 7 tile .... aeteri.1ol •• d a tlla 
..,.,. 41"'11lat108 _1.. trea the atudpo1llt fd bea' aD4 ... tarlal 
iatel"ohaDp. 
fa 1'&11ill& .tia tJpe o~ .1815l1la1;1_ &1t 10 GOD.l ....... laee 
11; ~ he .. W .. l 1IIl1 t tor tile r __ .l .t aloehol troa the 1>Hr t.1'1II84 
1. the ~ ...... ta'iOll of' .. real grata.. De ... t ......... la tlMt &1 __ 1 
iIuluV7 haw ....... 1.,. ......... o~ 1.., ....,.l'&tUft beer .vlpplaa. 
••••• U ... 1;1. ~ ... • t high ft...... ra. ....... tlou.l .te .... ,late. 
cri. paOkM_ au nBC pub« _1 .... Ia .... pro"'" ...,....·U ... 17 POOl' ill 
aV ... 17 ldp ft_ .. wen beea .... • t ..... 1 .... 17 ld.&h ,,.... .... tiro, •• 
fa tallUg fila t)1Mt .t nill be ..... ot ttt. tn. -,... .,... o'D'9'1 ... 17 
Mlde._ ta. a:1ai .. lB ,r .... " dro, 1*roughthe 001 .. leD&tiL. 
Cer1i&1D. oel_ puk1JtC _t.riale. p&rt10111arlJ woo4 poiAa. 
_w fl'e&Ucl & oleaJli.aC problea ill beer 41_'111&'10. bat .. rea1M4 
.... 1 ...... &her .. 1Ml"e .t eiN41. It ..... that the 8OU .•• la tM 
be ... UI:t.eft .. th4t cr14 ... t ..... ...... t.,. 4e00JBp0ae thenal17 4v1D& 
.,.ratl-. ~ftb7 lapart1ac .1aagr .... l>1. e40r. at/- _. to the 
tiatill.te. rue tan .. -7 ..,. el1111tiaW4 by the t11111 Vpe _1 t wi til 
·the 011111.t1_ of a paok1:DC to ROODe .fOulea aad 1r ... ,ular au .. ,... to 
permit butl .... of &.114 •• 
.&. ft17 ".ll'&bl. f .. ~. of flla dl11 ••• lp 1. the .1ta1-.-
'lOll .f the 41lutlO1l ett •• , ..... 1>7 .,. .... .-.. wIrl.eh 1. nonall,. 
,r ... t b:l ,. IIOBWll"tona11Mw·· aUll. ~hi. t_tun pet1d.". a -a._ • 
... tio ot al_hol ., __ I' 4vtmc ,..... •• 1Ilg ana thenb,. 11l.r ..... the 
., .... ......,. 
An iJapoJ'taa" 1 ... ill 41-'111&'1oa equl ..... t 4 •• lp t. eba-
pIiaU." .r eoaet .... ttoa &114 _1a--.u.. fhe faIlla, tlla etill i • • t 
... 1&,\1"'17 .u.p1e 4.elp 1D • ..,...lecm w1th other beer ooIWIIU • 
... t1Hl teature .f th lila 'tine 001118 _t be ..,..i ... . 
fMr. _ ....... __ , .-.t.r ... tn.ieaffe "pene4 111. tbe 11 ......... (1) 
•• hip .. '.000 1 •• /10-..... ft.-". t ... oertaia ei ... • t ...ntoal flb 
--.ra. lueha eootttoi.t would eft .. t &II eoOllOlll,7' that oou14 bo 
nallH4 .. ill DO otbw beer riripp1Dg ua1 t. Thi. t ... tvo alreaq hu 
be_ re&liH4 OIl aMrt tu'M tila boile .... 

A fila atl11 ..., be .4et1a .. &a a ai:' 18 whio1l tno'l ... :"_ 
ooova 4viDC tll .. new. 'ftd.. tll .. w- tr ... ,l ... ,l_ '8.7 'IU7 1a a 
, 
D.Uiber .f 11&,.. "pea41q Oil ~ arm.,. of iaVOlbaolDc r __ , ... _tMt 
.t Ma'biag tM til... ,he "M1" of I"tl1II8YiJlg the _por toned 1B. tM 
Foe ... , cd 'the .~ roo_1 or retlu ot the ~ ........ 
the .. jor ponion of 1;M data In the literature at pr •• ....- ha. 
be_ obtai ... oa a 11la ~ 001_ 1a 1Ihioh the t ... ba. been iIl"'-
....... a. a w.por r ...... reboil ... to u. baa .... ti_. 1IMl. tM ..... rhe&4 
-.po .... 'be .. eon4 .... _4 l" •• nted .... "otal retl_ (I, I. ". 6, '). 
Wl_ noh a .,._-. o • • t the _ .. 1 .. iih04a .r •• 1 .. "".'loa -7 M 
• .,101e4, aa4 the .Ulo1 .. ., haa be_ reported. ... heiCh" ... 1_1 .. , ... 
a tlteo ... tloal plate (lld.f.P.). aMish' ot a __ at ... lilli' (B. t.V.) •• 
allllill»er or ~""i_l pla .. at to1lal retla. ...... 'tJpe ot oonelat1ac 
Of1Utl •• ta-nl'rilll 1"11 ...... l.tan.... "t. .1' -.terlal traaater ... 
fM pro'Dl .. 1IIt.teri&ba by tDe au1lho1' in ~. t .. l. 1fU the 
.w.luatloa of oolllRl perloJ"lBlm" "I' po •• l'Dle plan, .,. ... ,~ oondit1oaa 
ot liquid t .... to tM tep of 'lie .. 1wa.. w.porisatloa by j .. __ 4 _ .... 
abeeaoe .t ,..rlux. ad e1ngl. puaap 01 _terlal-1a-prooeH through the 
001-.. Comparabl. operating .."tlit1on. are not repreaented ur.»ac etata 
aftlla1t1e 1n the l1teraUrG. 
• 

ect.u,..~ 18 !lO" .. b. round 1Il tAe UUr'a1:ve. Da.u haw beea p,. .... 
OIl ia41'ri.ct.l ... ttiolea"s b." an lA.till, tor 0'Nl"&l1 pertormano.. Ii; 
1. po_ibis. It.<nftmJ1' .. tor one to poatulate a •• hanl_ b,- the u .. ot 
quu1;ita"1w relat1on. that haw ._1 .... ,,.8 stu4i .. on tl1m heaten. 
the h ••• lt .,_'"_ ('1) baa appl"OldmattMl .01\41 tlO11. 1D tIM fila h4Nlter 
azul 1. 
2 62 k L p' g 
( 
'0.6' D.:U )O.b" 
• 3 1.3..3 J C
f 
j-L. 0.,33 r l.a3 
De... 1a." 1141u14 t"11:a ... 'ft01o." a_./hl".-.q. n.-or. 
L:: help' of p1,.. ft. 
C,:: .,eo1f1. 11M" of wall ma_rial, B_.jlb.-o,.. 
r =- flu4 rate, I1t •• ;\r.-n. 
It :: thermal ocmftn1Y1'7. Btu.,Ibr.-aq.n.-"/n •• f tube wall. 
t:: ".lV .f flut4. lb •• jou. n. 
,:: a ... l.,..t1on .t gariV. f"./aq. hr. 
r;: fluid ri.ooalt7, Ib •• ;\r."". 
It 1& ... troa tMs .qua1;l_ 'bat the 1I1<11'ri4_1 !!ea't ""1".,. .. -
.tt181e:' '9&,.1 •• 41,.8n17 .. t_ t ••• .... te. and 111 ... ,..017 a. the ool1DlD 
lOD&~ aD4 ateam pr ....... (01' ....,.,..ture 4I"op btJiowMD hea1d.ac _41_ 
ad 119114 tilll). ru. 08 be ... 'ted to hold appJ"U1M-17 t.r tM 
•• raU tr .... t .... r ka'to, a& ta. I ....... • t .. be 001_ u ... 1a 'CJlMe 
I 
.. 
the tUa bu_ra repon". 
for the distillation theory involyed in \be atu.,. po •• ible 
_ohaia .. _" be re'Viewed. J. batch ii«tillatioD quantitatiw J'4Jlatioa-
ahip ay be .on«iderect inl t1&117. 17 .. tini'ion. H.UA distillation is .. 
proae«. in wldeh .. portion ot __ rial i ..... Ced to .. pot. nbjeoW 1:0 
"-.... ad. u,.. ... pori. .. ioi .... 1. J"HOwtl s...41a.17 aDd .......... ~ 
... ~tiea.l ...qata. wbioh 1. _ 4U'ferotial ........ 1'1ra1; .... ,0 .. 
'b7 Rqle1p Cil. ftw re1a'i_ell1p .. pre ....... tha1J the loprlt1a .f 
tM ... t10 01' l1Clu1d ted to tM pot to· rea1du&1 l1qu4 e,uala tile 1.te, ... 1 
_lue of 4b/(71). when :a =. ....... a1t1_ .f tbe 11ClU14 u.4 T ~ t _ 
_ por oomposl1stoa ia equil1britUl 1I'1'h tu 11qu4. ,... 11111' ..... .... 
betwMa tM "lIp08i tl_ 01' the r .. iclw oharp aud tM o .. lCtul ..... 18 
with ... terenoe 'Ie the aoN 'IOlat110 00.,..0. ru .... 1&t1011 18 ... 11'1 
8 ... 1 __ « bJ ___ .t grapble&l t.at.g&tloa. 
Jfodem exponent. ot oontinuoWl pI"O .... tng teolmiquea atate that 
a OOll'tinuoWl ~ss 1s a _1'1 .. f4 _toh pro_ ......... 1Ttng 1. rapt4 
.uoo ... lon. '.l'Mretere. it 1. po .. ible that _ batoll ",latt •• hip II1ght 
appnz1a&w t_ reaulte cb_iDeA'bJ' continuous proce •• inL paniou1.,.l)" 
tna tUa We "lUJ11l. 
It equ1U .• l'iua S.a a.~ to be ob_md in _ell ..... of _ tU. 
at111. tM relat1aald, woul4l M tlat tor equi11bria 41n111&tio.. I'M 
quatlt_t1 ... atwl7 ot ... Il • proee •• would u.n. 'tat u .. • t • papJ:dal 
pI'M8CluN wi'th the equl11br1ua 41apa1l_ 
Ii; 1. reaeonabl_ t. _ape.' tha' the ... l:au.l .. of film 'ne 
4i.t111.tl0. i. iaten.41_. be .... tl» two _R .... fd ba'M. eli.'illation 
and W\1e equill'brlua 4utlUatloa. there baa bete .0_ eYideD.Oe to .... 
that " •• ohaD1am of tl1a 01"' _tte4 ,.11 di.till.tio .. pproa ... _re 
oloHly the batoh tne 8 ... 1_tl .. _ 'hi •• iJI11arl'71. 1ndloatM 1ft t!ae 
1J07k ot 1foo4tlal4 aael Copel .... (t), who .... It Wi". _terlala tbat 010-17 
a4herM to Rao\ll"·. 1_. au Dbj." ot the pra .. ' 11\ ... 1;1&&t10n 1 ... 
.t.ter.1u ,_ ..... 1141"ot the theor)'.r the d ...... of 41 ........ troa 1t. 
10 

!M appara __ tor th1. 1 ..... atlgat101l .. a ...... j ... __ 4 
",per'Cu" a ••• mohe. 1,n.14e ~ter 'b,. 11.10 reP 1D le" ( .• 
'1, .. 1). the upper ponton or be •• ,m, .urt .... ha4 an 8 iIloll oabda, 
ootta. \H upper edp of whio .... note:twd ........ 1r, an4 ..... 1' whieh 
re" \0 .. e.1 __ 00.14 lINt 41.-11)\lte4. '!hII baH of 'he .olua .... 
fitted with • liqu14-.. al _POI' trap 1;b:rOUCh wtd.oh ."i,," 11q.u4 ,.. ... 
to .. "laot.to ... NOel_I'. It 'ft. ftI7 iItporiu.t \hat the wall .. rta .. 
be ,.rlen17 TeJ""tIloal, 'beret.e _ plab liDe .... arrang" &10Bl.1 .. , .. 
oolUBl. ,he .-,...1 eurt ... fd tM _1.- ..... !lOt lage4 fU'14 ....... t .... 
..,.nitaW heat GOmot1._ .. all _.ndaatiou mvol'rinl ....... 1 .. 
• _t _anete .. eoelnolent.. 
One of the _81; orl"t11_1 fa.tor. innl.... in t11a riill opera-
tion 1. l1qu14 dietrlbutloa 1:0 tM _lUBa. A _11" arrangeDmt ... u'" 
in thie work. 'fbi. _11' .... eo 4 .. 1.ed that 19 l' nowhe., .tt "p, 
_re oft1117 .paoed uoU1Ul the u". .. ed. or a I tnoh eGppel" tube. The 
po1nta ju'Ctin, .,..... troa thie .. oti __ ,.. bent outwar4 .0 that the,. 
lal oa 'tNt oiJ"Otlllterenoe oE .. oirole of ... i" dl __ ... !'lde eprea41D, 
of pointe &0001911 .... a ratiter .-0,", t"loIr .f l1qu14 tAt. the _1_ 
wltIA .. pero.,tible _-.-l:ta, erfen. 
After ... liqui4 ... 'ap"'" ln & a.itOl"ll tlla, boil1D, ......... 
!be _POI' JIO'ftHl up the oolwa, 10tt the \Utl. t ~p a _POI" 1hY, ... 
pa .... through ... el'l~rau-' HptU"ator into the top .r the 0_4 __ 1". 
The 4i.Ul1 __ l.n the eon4enHr at the bo~ throagh • aoa-eoB4en_blea 
wnt botU. aa4 flowed. 1II.t •• -top" produot ,."iftl'. 
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Fig. 1. Flow Diagram of Falling Film Still. 








/ J \ 
amltol'Dl tUa oould 'be tormed •. a. IODC aa no bol1ing OGftl"l"ri with a t ... of 
1 ........ S plIo ... per lIour ....... 1rhea 'bol1ing o.~, & t ... raw 
.1lgJn17 0.".1" 5 gall.. per hour •• require4. 
In tbe atu.47 of the heat tru.ler .haran.rl.ti... ot .. fila 
.. 1_ •• ter •• oharp4 to & to. pot &ad heated by & ate ... 0011 _ the 
4 •• lroe te.,.r&tv.. !hi. teed pot ..... fltted with a 1"0011"011lat1on liM 
to dla1irllntte .. heat tbro1ap.on t.be "wh ot l1qu1d. !he t ... _. 
waut ..... from ... ,.t b7 a Oftv1tuc&1 pap 1;0 the apptr ... tio .. ot 
the fIla .til1. thenoe 11lto the .. 4 ot the 001_ •• y.rnow:t.n, the 8ir. 
od po.tnC 1a .. \1Jl1torm flla down the 001 __ • ,he liquid _. rain. to 
tile boiling polDt an4 partlal17 _,01"1 .. 4 with the .... por pa •• tng up the 
001.... !be N.14ua1 l1qu14 1'1 .... down the __ I" in gradual17 1 ..... i R& 
__ 1:. and out the bottOM. tAroup. & 11ql114 l.g ... 1 aU 1D1fo the -lH>ttoaa-
pro4".t 4Irua. !be .... por troa the eperatlora. 1IU oond ..... and ted lato the 
- .. ,.- ..... 1.... !he rat •• ot the ......... _re _nre« _1 ... _:1.0&117. 
u4 a ,J'QJl ._ D.O •• eca _tl1 tJae pro«uot_ 11 ....... at a ... tant rate .. 
a.tond:Be4 b7 lJler __ l _a.U'OMI1t •• 
In ad41 tloa to. tile raw of flow .... .,....:at.. the _aperature • 
• , the t •• 4 liqv.or. the vapor, and the .... 14_1 llqu:1.d to 'bottOll8 we". 
ob_iIlM.. 
fbe .t .... to tho j .... t ot tile 001 .... _ -.1nta1:ae4 0 ......... 
b7 a ....... -":l.J"-o-lia.- pr .... re 1"000,,40.1" aDd OO1Itr.11.r. !he.team. after 
gInn, lip It. latet heat ..... removed through a trap at the ba .. ot the 
ja •• t. The OODClc .. d _team leaving the tn.p _. pa ... d through a .-11 
oonMn .. r 1D. order _ l1quefT eny flaah npo" that; might tOI'1l1. fbe rate 
of the .t .. ooaden .. t. ....... und in ..... to ...... _1. t: ...... 1_ 
eoetn.ol •• te • 
.Arter the ooaolui_ of thlt hea, traDat ... %pClriMat. u.1B& 
_ter aloM. matur •• of .thlm01 aa4 _ter weN .tlltlie4. fANe I'"lBle .. ... 
• 1ldlar i8 Ilatu'e "to the water ruu with the ... ptioa ~t the t ... .. 
"jute4 ~ thIl approx1 __ 4 .. 1nMI "lIIpHl ti.a. Attn the f .... ... 
410til104. the ·~po· ad ·bot.... tractio ........ analJ'ae4 tor aloo»1 
ooateat 11)' the aUn4a.rd pro_ ... of labora1icu7 d1.tl1latlcm ....... 
frani .... 1 .............. ". !hi •• .,pl1e4 all the ..... -1'7 tatormatioa 
tor the t .... ottoaatt ........ 1 ... 
1. C&lt1m&t1on.t llo __ teF 
!he Fo ___ r 11'&& eallbratet 1I'l plue b)' utll1ein, the fo11ow:ta, 
_th04. Wat.r .... ,.... at: .... ataat 1"0 ___ " .. tt1a& ... \M .otwal 
rl...... o_pt aM aeaeured YOl_t:n. ... 117 .. tl1 ........ 10 t1 .. _. 
measured pel' md.' of tu. • .u.. aw .... ot the.o .... "red .. 1 __ i. r.-
00 .... 41a tabl. 1 ... ·.ten4 flow - G.,.Jtl. an4 1. ,"phi_Ill' ,......1Ite4 
1a 'lC. I. 
cal_la'll0.& 1D4ioate4 that tor t .... \lHd in thl. tn .... ·Up'l ... 
tlevtatloaa 4U8 to 4eu1V ..... -d1c1""'. 
18 
!abl. I. ae't_'"' <1.11 ..... 1:1 .. 
,-
Be ao. a. ___ ,. l..u1ac ....... '1 .. 
e.p ... G.'.II. 
1 , .. '.1 
I 11.1 11.8 
I 12.0 12.6 
.. 1".1 15.1 
I 18.1. 10.1 
• 1'.1 10.' 
, to.! 11.' 
• 10.2 al.8 
• 11.0 21.' 
10 14.8 1'.8 
11 10.0 D.' 
11 •• 0 tl.l 
11 •• 9 D.l 
1. D.I .... 
II U.8 «M •• 
1. 66.1 10.1 
\' 11 .. _. 101.1 
1. 96.' 101.' 
U '9.i lOT.' 
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tile Wp ... bottoa ••• 'U ••• f ,_ 001 .. '- pre .... , ..... 0 .... '1 __ 
,he laner .vt ••••• aiDtaln11t.g a ooaataall .... jaob1l pr ..... aa4 
....... lAC the raw .t' oea4c __ I .... the .... jaoD1J. 
the .. n .......... _ •• oaloul_.4 baek 1io total ....... 8&1'7 
to a1Jl_la _1_ -.,erawr. w1'.d t .... !he .. _I ... eoJTMpoa4ei 
to iw&' 10 .... "J' r&41.'10 ... d OOD ... ft1oa. Data are p ..... ll," 1D 
1'&111. II ...... eorrela.. 1JI P1C- I. 
!&'ble ••• II )[A' Lo .... t,... C.l_ 
11m 10. h ..... OOl'reapoB~' to .. l. !I. 1 ••• 1. &'ba. 1' ... ·1 • ~ .• , ••• f!tr. 
aI-I I." 1 .... 11i.0I 8.1 •• 1 
I J." 1&.58'1 118.11 11.98'.4 
I 8.al IT.". Ul.1I 1I.ttt.1 
• I.U 18."1 .'6.61 18.'11.' 
I 10.11 It.819 .".A U,484.' 
• 0.80 
11._ 111.14 8."9.4 
\' 'I 1.00 14.170 1l6.at 10.698.' 
• 1.00 17.'" 111.11 11.896.6 
• 9.00 19.11' W.58 19,.0.' 






















'1: : .. ;ri:i Si 1~ lrJ1: IlP IIl1!:, :; I:!'" .. ;, .' "ill :: ,'J... ltl .... ~! 'j' I.,', '1 .'! ,." "q' .. 1 'r.:!' I ' , :.t :!~ ~ .. r ,. !~ Jill ., .•• 1: •• I :~ ,h' l;l "t I' ,.,1, , ' ;" •..•. 1' f'L'" I . ,; t· ,. . .. 19 ,-~-~ r-.-'-r"'- " ''''~ ,,~,.,!lr:; ...... J'- -'-' ,- - 'r-"'--'~ ._-, - .... . " .•. -I I.::: !i T!i: l .:':, ,I I':' 11:' \;';'. Itt!,::: '''j; !: I . ::~ , . ':: Ii:' ..: ,; ';11' .: I" 'I .. ~ ;.~t to •. 'j.! l. f ~~l' '~!' ;!~ ~ : t1 tt t:~. t. .f'. .. .4 •• t··t • , _" • .:...J.:..- -, .. • f ~t-
lfll' i';~ ":: .. :; ';' ,f •. :1 ,, :(.:: I'· :1 .. " .. 1" 'j' !'j '. I;. 1 I I • I ''-Lll..t t'_!.:: • . • ' r ' ::', :' t· t - • . r J " 
'l.i;-;-;I'7;: -~*:;:;" "f"-'~ ~'-l':-'--I- ~.~'I":'''''I-· ;--::l·-·"'·~i--I ... ':ij +i. ' , ,''', . 'fl,' '''j,' 'r" 1:1, ... t.'" ' , :,:'. II; :~~ .. :: I ~'I"!!'" ; 'I' .. :[ .. :.~ ",' ';,1 Ipl, ;II~ ,~~-+,--T"--~+' I 
, ,. • !~, i': <. i" ' •• :: .., ,.,. . , . • "f" I ' I I. i . i . ~ . I. r', . . '. t [t '- • ,=!. ..' 'I . . . : I J • . 1 . t"; ;; ~ I 1 I .' I I I' I ~ T - - ~. - ~' I-: ' . .;.;.:""~ --- ... " - '-'-" ,~ ~ -, '7! .,....'I·~· ..• '-;-'"-" - ~ - -. ".. .-
it)'.' ,. "~I jl ':; : .. ': ';""1' I'· • "1:. '. _~L~ ~'. .; .l,~ i. 
, .,. . ,t;,' 1: ~ 1:: 1 · '. ' ., i ' . !' . , .. 1 " . : " I : i "! ';'1 ~ ~~~ .' :!" .;-- ~. ,: ~:-t~j~; "i' ~:, ~;~ ;-jt' ,;: r-.' .. ,'f\' :; .. ;-;_., . "'·:f>t.~r','l - ;: ',::.1. / . 'jt I,' ,J 
11;, ". .;::.:;; , " .. t " • "',' ; •• ,c, ..... 1 ~ .' r
T:' ... ;;u .. : ':) ;' ,,~.~ -. '1. ~~ '." I:,':, .:! -: ~ ~ ~-'I~'- I #. 7- '1~ '1' :=-'. .. .. ,' ,il '. I" "I ., ,~ 4-.!... - ...;.. ~.; ;..!~ :-;-:. -"~ -_Lj - ' . - -1:-- .~, -: ':rlT-' ,. : .. ;r:: ~'. I 1-~ • I 4' 'j' ,'~ ·1.' ; t .,i: .. t: i 1',. ,',.r· 1 t t t b I .. :' :: . I • 
,.' . ~_~':',...:.:ll' ii =i:i ,:;! . ,J}; .,,",: .1 ,1;':; .·;.~~'fc-J vi" i ;. ,·z,;:::: " .I . 
t--.-t--·.-j-·fl-.t-r-:-:; t1~-- r -c- I ,' it.' .. ~'. j:-1 I; - .- : .. ' ~-:--s:. ::: ..... --- .'-~ ;':-~~1_ , .... ~-- - -.. ' '--~ ~I 1.!-+ ',' --
, , '1 ;" ,1 ; ..., 1 'I .. ::!. t';' " , . l' i ,. . i ... " ::J, , ' 
, '~ !~t: "t ' ," .. t-: " .. ;., , :., ,:. d .... ;'::' V ·1'-1: t 't,: 1 
I ' 1 r 1 • i; .. + 1 J.. j,,.; • . • I : . i. ... I ... ..:: •• ' • • t .' , : . • • ~ , : • , 
""""'.'-:--:-':T;' .~ .. , '~r;;:C!Tt::T';-:-:-'r.::-;;·;-'-'rr ;~ -;: ,";' .~ .. :-+t-' -:- t~ ::~ '-, of -::-: ~:r- --I~:-:' ::'" -'" '\ r:' 
" ;,. 1:; ,'" Ii' , . , .:. ,':: 'I. . , ' I 'j." .. : . I ., c-.. 
: . . ~4"l.. " , '1; i " . ~;.; :~,: 1 .. tt;' . :. ' ,: :.: ; V ,....-~,ijr·-t~...1 r= ' :'iJ' ~ :T::: 
~. ,..:;- -- f--f"-. I--:-- :-:'~-~::-:-J. -;7 •. : .. " t- ,'- r:-:--: '!1 -' -'~-'''~, ' - h-. ,"'-I" ~ ........ _. f--"' 
o· :', .- , • I j;~: '. !~1 .'1. .. t :;r~ I: .: ~ ',:: :~f:i .; _ 1 1 ,'~ L t !.-'! '. . .• \. t::' : ,;j ~ 1 :; I" i .. 
Il,"jiH " ,;, ';' iii::;;:;:, ",', V I· :;; ,d,', t . I L !' ;:. 
, ',;, ... 1" : J ". '.- ~r l --d':~" :':. :.' . -- 1---.- ' ./ +~: '-:-:-:::';"':f-'~- '.:1 :' ;:~~ -:-. ·~1:7 ; ~~ :;-~1 1 I. 1.~: UP:' " ! ,·L ':, . . I ~ Ii" fIll': !.,~ " .. 
"t"~~ ' , .': .. ' ' , i' :j .,:;:i!,._., ~ ~, .. " .' i . t 1 " , , X " ' ! .,: , i . : .[:', .' . . , 
c:-::; - I ~~7 I' . 1--;-.1 , / ~~r---:-- !-=[ ~ -; :: -, •• -r - - 'I~': -;-"r- --r-:-r , i • " 
tt· . " I ~ ! .. ,I ' ,.. . :':, I . , . I '. 
i··.' .- . l' I.... . ,,: , ' ".0.. L.- ; A .. I 't l • 1".01:,' 1 • );~-:; ' f- j : . .'~F' -1 I.:'; :!i; \ '~ :C(·~: ':,~ -:?~ r:: ,.L .. ~r' ~ r:--'ll~ ~'~ -~~ -~I' f"--~ ~~!T 
· ;'.' :i ll!l . _ .1 ~I_ 7T." •. .:.:- r-',.'.!'~-- ! _l .ie...- '! - .:.: ''''':'' 1-:--,. .... " -;.. - l_!-- t..:·; .~ . 1:;; ::'1 .. ' . 1 '::' . i ::;' :r .' .' j "+ :;: ; ~~,-.L "I ' 
,1.!(' :' 1 1.' ,[ ·r:::·'· .!. "I' :1 ./. ,,-- ' "'L I" , ' ;t .' t... I !. :,1 r.-: .... , ,;~ .;1" •• , -- r::-: --+---:-r-V, r;--: -:-:--._- f--t 1--' .... I~.. .: .-~ --:::. ~ f~ ..... -- ... '-;-- --;- .. 
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. .; 9. \ ' 'lj:~·· , ." ,'" I r: : ' ........ 1 tt ~ .---+ 
. ' : .' 'F. i : ~ 1 ' / r , ':';! " :. " . I • " , 1 ,I., b -:.....;- --it- . -~ t- f-<-....... ~I---- ~ '--'-f.-t. -' . -';";'';''- f"- "r- ' --:--1-.. ~ L. -. - • l-
I';:, " • I .,-", , ; i :.J. r:: . . I, I 'I' I 
J., " . ..... ii, ~.', . .1 . t , 
, • L' .: it;' .;, j" !; i l!~! ' .. " . . 1;·.!·.L ':- ... J'! . ":.. . t " "I . + 
':"_,4- :..:~~ !. , ."~ ":.' -' i ,' __ . ...: . .!.-o .. __ , '._ -7-~ .... 1. __ ••.. " _ . 
. ~ f j I· ft. • I . ~ . I 
t; !!! . . ,OJ :. .-1 
.' :;: "r,'" t 3 
' :,:. ,'I : ''-'I ,. ,~ :::-,' 
.. ,. ':1' ld' 'I ' 
, 1:' . ~ .; , . • ;I~ !~!. 
f '. ...' ! I~:~ 1 • :1 ' .J. ' '; . ~ --::~. - 1- - -jC--:' -++'-t·.-:-.'t ,+. , . .,' d. ---'-: --, -,-- ... _,-t--o ...,..,..-t--t-..,..-.f , :", . f':' .':: :1' ,:" ':: , : 1" '!. I: I", , 
~Jlta1 R •• Ulta ...... r Buaa 
Coapl_. _ .. were ob.1 .. 11 tor Mail v •• t ... _leul .. 't10_ OIl 
'the talUne f11m at1U •• 4 ..... 1"41 1. the Bxper1mfttal ho •• ave ant 
111tt.trate« lrJ a aampl. J"UIl in PiC- ,. the _loulation. tJ'om the •• __ 
are explau.cl in the 8upl. Caloulatl ... (tabl. IX), and are taltulatd In 
table X. A.\i1J1a1'7 ot , .... reaul'ta 1. pre •• teet 1. fable ••• III. 
The _Ill •• of til. 0". ... 11 heat Vanaf ... ... tI101 .... are ".... 
_.ted tor both ....... 1h uel 11q1l1 •. al_. %be •• val ...... ,.. ob_tn" 1>7 
o ... 1c1er1D.C At ... the 101 .... tittere ... betw ....... ja.ket .mpe ... -
tv. ... l1qu14 t11a ..,. .. aw,.._ aNa a. a .. natent ftl_ ob1laiDed 'lt7 
.... ve .... of tlIe eol,.., ed to_I .... .... tvr •• a .... pronot .f 
poQlla ot .... uaa_.d U4 1ta __ la ... heat, 1 ••• tu d1tt.,..n .. 
~ the .,..1ti. en1;b&lP7 or .... urated _por at: the iDlet pr.aure a.D4 
'that ot the _t'llra" boilm, liquid at jaobt ,fta.lIN ••• lI1I1ag a41aba.Uo 
oets41 ti .... aw... t:be 1Jtle1; ate ... _1... 1... l"&41&t1on 10 ..... 
the _Ill. of the 0 ...... 11 l1q1l14 ai_ ooeftiolent hu the ..... 
At .. 1_ _4 ..... eon.tant tor t:he oow .. pondhg ___ ai4e ooetttoient. 
1nlt t_ , .. I heat tranaterre4 ill thi ... ae 1e the 8U1IIN.tion or .. Balbi. 
heat to the _pol'. laWnt heat to tlw ..,.,.r. an4 nnalolo hilAt to the 
ltott.OJU. 'fht. eoettiot.' probab17 r.,.. ••• t ...... earq tM tJ'u lleat. 
traut ... GOettlc1ftt .... ~re 1. alw.7. a po •• 1bil1V of·~ 
I'Ild.la'tioll 1..... dta. t. atao.,_rio di.tvbano.. about the .ol~ aa.ct the 
.~t ..... pro4u0e4 b7 ia'tenli"'-" tra, ...,..i_ OIl tiae ." .... ooa4 ...... 
41 .. har& •• 
A .... nlat1_ .t a .... t • .,. __ " tna.f'.r .oettl.iet. relatinc 
a1 
IlII'1 10. W-4I 
Date '-11-45 
I' fl_ 8ti2 P ••• 
lao.t Steam ~ 8.S1" Bg. 
..... THapel"a". U.OOC • 
r ... Jtate .a.1 ct.P.B. 
fopa Pro4 .... Ia. 171.0 .0/lI1a. 
lot'''' Pro4ut 'J!eIIpItratu ... .a.o·c. 
lotto.. Produet .ate a61'.0 •• /IIiD. 
Vapor 'leape ... _n lOO.o-c. 
Steu1 Coad ... _ Rate '16.0 .. /aln. 
Booa r .... raur. I$.O-C. 
BarOMVl. Pre ..... TIS _. 
II 
!Ule III - • ......,. »a:ta tor _WI' ... 
u. U,. u. steam 
814. Sia. 
J"ee4 .-.. ... 8\ IW.jbr • ltu./hr. 
Ibm Rate Ia. P"""'I'. I • 1t.1.1Ip. ••• (G.P.H.) (lAw.) (-Be.) ft_ - r • 
11-1 11 •• 46.00 '.01 ft.S' 101.tO 
... 11 •• 81.80 t.1 " . .., lot. 11 
--, 11." 11.10 t.1 101 •• 110.11 
... 11.10 &.f' t.1 .... 1e.11 
W-I 11.10 A.II . t.1 f •• af 1t.1I 
.... 11.tO IT.". t.t. TI.l' N.a 
.. , 4..10 IT.ll t.l 4$." U." 
W .. 1.10 .1'." t.l •• 08 fT.OI 
1f-t U.a, 18.8' t.O 1'.11 •• U 
.... 10 11.11 11.8' t.a 11.1. d.1f 
.-11 Il.n U •• 1.0 '10 •• . ... 
W-lI II.Oi 'T.IT 9.0 '73;.08 •• 11 
W-ll 12.40 ".&1 9.1 89.81 11.40 
.... If 44.81 8.'0 • .2 115.80 142.'8 
W-18 '8.81 1t.4.0 t.1 110 •• Ito.tt 
W-u H.f' .... t.1 111.11 11'.41 
11-10 11.10 81.11 '.1 TO.'T 81.il 
11-11 11.10 '8.11 '.11 ."." ".1. 
• -11 aT ... 81.B t •• 101.11 11' •• 
"'1 '6.f' K.al t.06 101.01 111.41 
.-2, 18:.1' H.It t.' 106 •• 1t1.'f 
II 
'labl. III -~ Data tor water .... (eo.~) 
I " V. Uq. u. StMa 
,Iio 11_ 
, ... 81;.ua Jaebt Itu.jIrr. ., •• j\r. 
llUll i •• aa_ PAa .... 
n.I.Op. ft.a.-.. .e. ( •• P.L) (I/Jar.) (-Be.) 
•• 11 11.8' 88.18 8.1 101." 111.71 
.... 11 H •• 11.81 t •• l08.a 18.U 
.... ., Ill ... 81,M a •• 111.19 161.8' 
.-18 '1.10 1M.1T 8.1 118 •• 170." 
.-a. 10.1' II ••• 8.1 110.0' 1'1.11 
• -10 II •• H.a 1.1 10.14 .T.80 
.-11 II •• It •• 1.1 11.81 M." 
.-11 II •• 41." I.a U.IO n ... 
.-11 H.A U.5T I.Ta l8.ft fI.48 
W-M u •• ••• 1.1 I".f' fld8 
w-H II •• ..11 1.1 •• '1 n.D 
..... H II." ' •• 1' •• 5 ,1." 111." 
.-'T '1.11 " •• 1 a.u II." 10.8' 
.... " .• 16.11 '.1 &6.00 so." 
.-. to.1O ... I.T 82.1' -
.-...0 u." ..... 1.0 If." 11' •• 
~~ 
..... 1 61.10 U.9' ,., H.l' 11' •• 
.....u 61.4& ••• 1 6.6 99.54 110.42 
.... '2.98 ,,, .• I.' 101.11 126.17 
..... ".M a.80 I.T 101.'. 1I.~" 
.....u U.M M.18 '.8 . ., .• 111.'1 
fabl. III - IUB1M17 Data tor .... tel' a ... (Ooat.) 
,. 
U. Llq. V.I __ 
81_ 
'1" P ... ..... Jaeke' .tlI./iaI'. ,w.,tar. 
.. aa_ aa. ".. ..... 
ft.2• 0,. ft.I.Op. 
••• ('.PA.) (I/M-.) (--.) 
.... a.ft ,f, •• e •• ".1' m.II 
... , tI." fI.l1 I.U lot.TO 1H.l' 
....... 'l.N .... 1 T.M 100.'1 1 ... " 
• -t.t 107 ... '4.8"1' 8.1 111." 11l.M 
• -10 107 .. ••••• I.a 141.11 1M.1I 
.-51 101l.1O 
' •• 11 ct •• 14$.01 181.18 
'1'-52 lOf...f' M.lt i.I 111 • .$1 161.18 
.-61 10&." .,.al 8.6 114.4J Ul.a, 
If ..... 1M • .,. 81." 8.fr 114.8. 186.a. 
.-51 101.61 UI.f,. 10 •• 188 •• ITl.'T 
.... lOa.1' 112.60 10.1 180.'8 170.02 
.... ., 0.14 18.11 '.1 ••• '8.11 
.... lo •• a 11 •• 6.' "".'11 tt •• 
..... 10.61 '1.11 B.I 10." 1 •• .,. 
w-eo 10.80 a." 8.1 fl .... ''f.f" 
lJ-el 11.71 '1.01 I •• U •• I 11l. ... 
..... II •• '1 •• I .. 18.11 '1 •• 
.-a 4.2." I'.M 10.1' 10 •• 128.10 
..... ".Of ..... . .. " .... 121.11 
... , a.a $I." 1.11 16.1t 110.61 
..... 4'.08 ft •• 7.' lOS.OJ 12S.02 
... 42.8. 101.7' 11.1 1'".11 142.21 
~ 0 ...... 11 ... ttleie.t. on "he licpd.4 .iete With tao .. _ the .... aide 
1. pr.a.1IM 18 rlC. I. It i.110_4 that tM ....... 1 •• tapla ... t ... 
\be ,.- line alipt17 tor .. 1 .... _1._ ot '1M eYW&11 •• t tna.t ... 
... t1'l01ent aD4 'to • JlWth lea. exMn't; .. ta. hlpr _1 __ 01' beat vua-
t ... were __ laM. "reowl", tae ownl1 heat vaat ..... ttt.i_:_ 
t .... tbt liq1l14 .i4 ... ~pl •• are p,._ ... _4 1. tunouoal ... 1&ti--.1p 
.. l1qu14 r.. rat. 1a ft,. 8. wlvJre aftI"&P .... 1 ... 01 j .... pre ..... 
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10 . •. r --~.- ! 
-1. -}-: 1.2_ - . . , 
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FEEJb I R 
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the __ ot the alo.hol ..... beal ... lno1ud1aC that tor 
.... , • ...r ...... 1&'1 .... _ta1ae4 ....... 7 __ ttn' boad1oaU .. 
• 1RacU... 1'_ ............ _ to lila ....... 1 &B4 ._ .. to appnsiat. 
.. a .. u04 ...... ltlon a4 .. __ aJIQ' -.,...atve ...., ........... r .. 
tu1n4. P..- ... thea hW04u_4 to tile ool~ .... .a1ata1ae4 _-
...... PI'e4 .. , .... 1 .. _N ..... _'11 _1 __ .10 ....... n _-
_.at. Spot .... 1 .... re ..... after' thl. pobat aa4 1& ... a1se4 tor 
..... rap _17.... Alooho1 ...,..1'10. __ N oltta1u4 bJ' a ......... 
laboft'el'7 ~ of labora_17 tnni ... 'tton ancl "'~1'1 • 
.... ~. the la,", .41tl0 •• t th8 Wap.er !abl .... oo_ul'-4 
tor ._ ... ,..1 .... r retJoaoto_t.,. .. ea41Dp to po ..... aleohol b7 
Y01... fh4J .... tor heat v.m.t .. OIl tJae aloohol IId.xtvee ..... 
, ..... tH 1B P1C- ,. '1Me fl.C\lre ·ahen the .,.latt .. • t owrall 
........... .,..r ...n"lotQt ... the aleohol t ... ... _ of the _I ... 
flle .,. .. 1_ .f tlle trao'1--.t1_.,.. pr ........ in !ele lY. 
fbi • ...". ......... , 10 _pple .. " b7 ""l'loaal tat .... ti_ 
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tole IV - __ l7k- tor IltJlaDol It_ 
Llqu14 8i" eo.tttol_"ta 
j , .(;:f:",~, 
na. f1..- 'fotal 
f JllUl ,... .... Ia. ..., LJIft) V 
Iro. (' .... 1.) (a.p.H.) (B"'.,Aar .) ... 11t. 
""-1 18.14 21.10 12610 •• "'.0 101.Of 
.&A-I 18.0& 11.9. ...... ".0 101.10 
.u4 11.91 dM '''.11 41.1 1"'.8' 
A.A. ... 1'''' .... 1 81Q',.aT 4:0.1 11 •• .,. 
M-I 18." 11.11 ......11 U.O " .• 
Al" lI.OI 41.11 ftI1' .• "'., 111.11 
j,l .. , 19.M M.41 •• 1 ... 11 '5.1 181 •• 
U-e l'.8t If.U MIM.l1 41.' 101.15 
AAwe 11 .... 41.86 '.,.,..18 ~.l 1&1." 
.u.-1.0 18.1' 21." SM&I •• 59.0 80.a 
.&A-II 11.1. 41.'11 10618.16 60.' 119.0 
AA-l1 18.19 .... 58 811'18.11 •• 1 148.1' 
.u.-1I 1'.10 11.18 ., ..... 60.4 9&.10 
Al-14 1'." ".18 .' •• 8.18 10.' 1.1." 
.lA-II 11.11 11.11 11871." eo •• 101.10 
u.-U 11.1. 11.1. "'.1' 10.1 107." {'". 
.u.-1f 18.11 " .• MilT." 41.0 181 •• 
..... -18 la." M.'11 .9844.10 41.0 118.11 
11 
!a_I. I1' - 8~ Dau tor ~1 .... 
C .... 1tla:oata 
a ..... a ... C • .,..1t1 ... 
1.- PructNJ'. '~J'&Wre Feet L.7% 10,"--... cli ... .,~ .r.J' Wi. , 
AA-1 T.oG 2U I •• t 11.470 0.191 
AA ... 8.10 au " .. 11.lao 0.014 
"'-I I.N III , .• H." o.~ 
.u ... 1.10 .11 ,.a •• 800 1.110 
M" 8.70 .. 4A14 12.1" 0.000 
Ai-I 1.'5 III 
.ft." II .... 0.&6' 
...... , 
'.11 III •• 014 lO.m 0.101 
.u.-a • .so an '.In 11.M8 0.011 
"" .... 6.40 III Id1l 
D._ 0.1t. 
.u.-1O f •• UI .... 11.910 C).ota 
... -11 f.OO U8 L .. II.Uf 0'-' 
.&l-ll f.lO m 1.&&8 .... 1.11. 
,&A-li '.10 II. 11.m It.n, 0.118 
.u.-l' 1 .. 0 III 11.411 GdM 1.111 
A.A.-II t.OO II. 11.aI ..... O.CI' 
... 1. f.1O als ••• 1 11.81' 0.118 
U-I' •••• IU I •• ' .-.- 0 •• '
.u.-11 .... III •••• U.OM 1 .... 
COIUU.!IOI I 
.. 'e'Rlop •• d~ of ~1aal "ela1;1ON tor t1.1a.". 418\111&-
1;1_ \)7 • 41nd i.pproao. appear ... t • ..--' ..... 17 ...,11ea1ie4, tileret .... 
_ 1D41"e.' aMhe4 .1 ., ........ 111.... "'eneuo In .... 1 ••• ''. (.) 
.... bon & .talU.arlV b .... _Mil ..... _loul.'l .... tor falltac 
fila 'boiler .... ape:n.-atal_ .... rai ..... _. !heir Wl't ........ a 
11111_10108 t. Ab ...... who.e .,...-liqui4 equ11ibrium 1'.11 .... Raoul". 
Law 01 ... 17. !hl. Hat .. '1 ..... 'be .1" ...... te4 'bf tat 11M of .... 
at ..... 1. ,,-U-. to "law tiw _1 .. 1& .... -.1.0 to ~ aotul w.lue •• 
In the ..... 1 ...... ' .t 1;U •• o ..... 1a~... _alp'. ,,-101 .. to" 411'. r-
_t1al 41""lla'"n ahouti ..,,17 8tn •• ",. a.t1a1U. of tid. pro ..... t. oapooltl_ 01 the l1qU' oha.ap. HI1101mlally tkt,,1Bg the tiUtl1lat1 ••• 
'rom tlle :ia7D1,h It_tlea 
In JL :: 
F J X--.;..B dx_ y-x. 
7 
I ~ .. 1. (1"'0.) .r .... .,.. _terial • 
., := 11010 (lba.) .1 tee4 __ .. W. 
Is '" 0 ..... 1t1 •• • t avl".. _krlal. 
Xp" C..,..1'1 .. of I." _tend. 
there are .. lI:aewu. I. P, x,. ti&ento ... lt 1. ,. •• ib18 '- liM; l»J' 
poaph1oaI1:Uegntl ... fid.o pr ...... 71el0 .. Wftlat .... .,.lt1 .. or 
~ aWl"... __ rial troa 1IM.1t tlle t.otio ot thlt .... 1 ezperbeatal 
...,..lt1 •• -7 'be ...... 1_'... .!.'-"7 __ t'rOIIl tIai. prooectve ... 























~1Jk y .. C&lalat.4.CoBIpHi1;.t •• b7 I.,-t.l. ProeM .. 






























0..09. 0.'" 1.114 
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ni_ aqua1;.1 ... _ Uri .. t'roa 1Ihe ........... 1JI Plg •• wh1ell b ...... 
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...... 084 hrN1a:'1_ ... a'~ em the a • ...,.1011 ot a ..... 
• tant rate ot heat traaater from .tMm to t.ll1D& U.qui,4'_ ... witb .. he 
rMultut _POI' pua1aC oft Without au_ .... neat _t.r1&1 interollang_ 'be-
__ .. _per an4 11q1114. 
'lid •••• U'fJ'loa I_a. to .... lnl&tilea ot "pol" ana liqui4 
...... thnu.pout t_ eol ..... the ... tOft a .,.1_ tor t_ .1.,. or the 
eqlll11brlua eperat11lC 15 ... . 
fill. pro .. dur. tall.... .. the .lope .f tlt.ft .pe",,,ta, 11M ... 
.. " • • •• "i.m&oa1, 1acrr ... inC tan loa tn. r ... _tr&1loe to l1qu14 u-
aauatlll1 ,..iti .... ,..t1llatefl. It appeared that • })Gild .t 1at1 •• tioa 
ot tM opel'at1ac 11 ... ,. ...... ....,.. u4 tlw ... ...,- W&a Wl'Uaabla tor 
th1a rea_. 
J.ltAollp till •• t .. 1. theon,1_11l' _OU'IUI tor "epo"1I1& 
_ .. tor 41.'111&t1_ .,. .... \1 •• ia wMo '"-" 1a .. uterul nt1u. tt 
chHt. pre_t ...... r1d1 .. 01 41.t11la\1_ .qu1 ..... wtd..b. ... .,. .... 
haft1 .... 1 _1_. 
lI •• oI ,... ftewetl-.1 
Jhm Rat. Plate. at 
Jo. O.P.B. total a..I1_ 
-
A.A-I .'.10 l.aT U-a 11.tO 1 .. '1 
.u .... ".la 1.'1 
Al-4- 18.7'0 1.8T 
AA-' 21.18 4.10 
...... " . .- I •• U-' u.to 1 ••• 
.1&-& B •• 1.00 
... -t ".10 1." 
,u,-lO 21 •• 2.e 
U-l1 .1.10 1.88 
A4-1I a.to 1.lf 
..... -11 10.10 1.11 
.lA-I. 41." 1 •• 
AA.-1.1 1'.10 0.18 
A.A-lt 11.81 I.ft 
M.-IT U.TO 1 ••• 
..... 1 • $4.10 1." 
.&a .. 1Id .... 1 .. ot tile 4a ... ta41 __ • ""- or1tl_1 iIIponaaq ot t"M4 
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(1) ... t .... ttn" cIa_ .. "he flla 1qpe .tl11 iIldt.a_ ta.1r17 aena1 
........ 11 .... __ atel" ... ttl.1...... f._I,. .a. aft11abl ... 
a wait or • ..,....1. 81 .. 1. tu,i pH •• u. P7 "78 in ... 
Me.ua.. (10) tatr. !he heat tna.tel" .ata pre ...... ...,. til A .... 
(10) _4 eo. 18 '1,. 1).. ... ... oht&iMA _ ..... lwa of 2.6, 
in ... in 41 ....... 1" .... 2.0 tMt Mill. !hell' aa ....... tor f1la 
flow iB ...... I"'U ... 1 tube Mater. without _pori._t1on. ,. 
1I .... lt Bquat10a 1II'01l14 b..-n __ tllat • tnn.t.,. ... ttl.1.n 
1. tn·wr .. 17 proportlonal to the tllbe l_cth. !he 16.i' t .. 1: 
loactube u .. 4 1a tid. 1aftdipt1oa 18 00ll.1denb17 lOllPI' 
id&an~t ot Ba,.. anet .... I".t .... "he 1...,. ... ttt.i.ent ...... 
qu&lS.bt1ftly pt"4t41 .... bl •• Daila.mnm. 1a "ae authel"a ftne ..,.. 
0.17 ,for I'U1lI 1a wMoh 11"1. 01" no ... ,..l ... tl_ ... 1Il"I"tI4. 
(') lU.cM1' .... 1 •• • t tbe ewrall h .. , vaaater ... nl.leat .... ft-
t.1ucl Us. ..... 100»1 1"& ... hilt ooapare4 Wi ttl the 4 •• • t the 
"'_1" 1'Wl ••• """'1". till. 41ft.reDM b ......... 11.1" at Ide .... 
tMel , ... te ...... 8:'111 ..... 
(a) .l1l .. 10.bol __ .1" llizt1ue .t apprezt-'-17 ~ ,'tt7 ... 1 __ a_ 
.. 1".. .... 1.-.17 b7 proper -laue .f r. .. rato u4 por-
.. at _,...1 .. '1_. ' 
( .) fa. htper tho ___ tntt_ .f a1 ... 1 in tM fMCl Jd.stve. ~ 
11"-_1" 1. the eatn.1a.at 8ctt_ more difficult it 1. to 
"'loohol1 •• the to_ 1a • tila't)'po •• bIB.. 
(I) C .... ia tlow rat. hIl •• "''1''7 noti_abl • • tt ... on l:-uu'oJllt.1:1oa 
....... lpplag .tri01_.,-. wb.ereu 0",- 1 ...... j.o. __ F"."" 
41 
fEED RATE .. LB!S./HR.- FT. 
FIG. II COMPARISON OF FALLING FILM HEATERS 
(' 
" 
... teN ..,. ... tun haw a". ... '17 11"1 • • tten. 
(.) !he hiP-I" tM al .. ho1 ._oen' .... ~l_. ,_ lower 'tat Il\UIb4tr d 
'''oretloal plate.. 
(') The nlDlber or theo,..ti_l p1atie_ 1. au 1D:Yen. tuao\1011 of tu 
t ... raw. 
( a) A ~t1 .. tlOD of the kyle!. Bqu&tiOJl pnbaDly &tfordt the 








,.,... a. a.1t D. Ic. , .. ,. ill mae.eel ~riaL ...... hu.nt. 
1 __ 1 .... or •• "lev. 11 .. 
JUs,.!"' .... Plcf..... !ftu j.. I. e ... B. _. 11-61 (Uti) / 
.ur .......... rvaa., fHU .... I .• Ca. B. -Il q..,at ( .... ) p 
. ~ 
... tltawio. ~. w •• 1. a.c. !!- 121 (1161) ~ .. 
...... Il. B.1t ... lfa&aa'. B. ,.. '!ratI A.. I. ell. II • .,!!, v". 
fI' (1It1) 
. tl) ...... C. C., v. I. ~. or ~ ...... ttl ..... ?..atea1 
Pap''' Be. too. 
(f) _ ... 1 ... W •• Ie •• r ...... IDe-. ,!!, .... 110 (1Ia) 
(.) ..,.1_ •• PIlII ..... !t 1M (lIM) 
(t) C.,.laU ul WOeUleU. Pn._ C._i_ti_ 4uQ. lMI. 





lnai. .. cU ..... , I 16/18" 
"lcta' 11' • 1/'-
1fall 'hi ..... 1/--
~a11i. .art ••• C.". .. 
... t~wan. 11 •• aq. ft • 
YA.fOa JIJW) 
In.i4. 4i_tor 11./.-
Yol-.. 1.190 ft. bl. 
U!'.IA.Daft RPAltA'lOI 
Vol,.. 1.165 ou. in. 
COI'J.llDIl. 
Nba41 __ '" 7;a-
tub. 1enCih as 1/1. 
Jlumbw ot ••• 1'.0 
.. ~ .. .,..1tl_ C.".. 
Boat 'naato,. .urf' .... 11 •• 7 -.,. ft. 
~~ .. Wa ..... ia .. U 
fill) !AlII 
capt.1V 60.0 pl1-.. 
'lOPS- UCBrflll 
e·p··'V 0.0 p.ll .... 
JOftOJa UCElVEJt 
c .. ,...t., 
ROfAafD 
aup 
Ip_ P"* .,.0111 ..... 1_ 
" 
TABLI VIII • SUlIIWtY COIfPAlllSOlJ OF IIDUSftut BED. Sftll'PttlO EQT1lP1IU! 
SIIIPLICI1't or DIll. 
-
COl- MAl.- LIQOOl 
.mo- ft- ,.... prle- lOW- an.u.D - ::tooLlIG EASB or 
VII! 1101 IAIO. ~J)ltOP lUCY CUMIn UP _f !UJ)uct CW,WIH OOST 
-
: ; -
81 • .,. htr17 0 l' 
Plat. Poor ..... J:l~ Hip J[lp nCh .,41_ \ Lew rall" mea 
.;: 
f :::t1• v:it ".'7 Poor "0 .. 81 h High Mo4 ....... JU.p. 11. ': B1eh PM .. 11p ! q 
" 
Puke! V·.7 "I.,.., 
tow .. hlr Pall' 11Ch 10_ 1'o4 ... a_ tip 11111 Up Poe,. .... 1_ 
Batoll '. 
8tl11 r.lr r&1r Lot l.ew Law .Low Hi,. lIN .... t. ralp Low 
'fft7 V.". ,.,.,. 8tl11 Poop Poor Low Low Lew Kip Bllh Low to .. Jlip 
c. •• &4. J'alr17 
8tl11 Go .. CIo •• lAw Bleil J1M ..... t. meh Low Low 000' tow 
rn. 1st .... 17 .T.r:r bO.ll-
8tl11 80M Io.t lPw "'11' Low Low l.mr 1mr ant Low 
1 00 ...... 1&117 ~t1.t.otory ... b.... eoluma •• 
, 
(1) He Los_ 1'9 Col_ 
Bwl SB-'l 
Datal lacke. PreSIllUHI 3.0* Be. • 16.169 pat aba. 
Cond_sate Co11eote4& 82 co./ain. aTvage. 
The true Ldent Heat is the ditterence bet ... til. lmthelP7 of the 
SatlU"ated Vapor (d 'lb.e lilte pressure) 8114 the a.pec1tio enthalpy of 
'he Saturated. 13011111& L1q1d.d, therefore: 
i\ II T8;POr - ~Ji 11qld4 • ~e Latent Heat 
U71.9 .-./lb. - 184.95 Dh../1b. - ~a6.95 _\l./l\}. 
(82 oO./min-l (60 En.~hr.) ,a.sa" 1L&!l.) • 10.84 lIar. 
3, '185 eo. Cal.)· 
(lO.841Ihr.) (966.95 au.llb.) • 10,698.9 Blu./hr. 
(2) OTe:rall Heat 'raustel" Co!fi'1C1e1lts 
(a) heed on Ste_ 81de Jiathalp1 .. , Rtm"t 
Dat.. Condenaue eo11e.01ed; 435 cc./a1a. 
:reed Temperature: 136.2· F. 
Bottoms Temperature; 162.,p F. 
Ste. Teperaturea 225. '1 OJ'. 
14551t60Ha.33'l1 • 57.6 #/~. 
3, '185) 
TN.e Laten:t Reat, 961.6 .Jrllb. 
(5'1.6)(961.&) • 55,3SS.0 .u~/ar. 
Reat Loss 1'rom eune ot .F1g. 5 tor thi. rtm amcnmts to l7,9a) Btu./ltr. 
ReS Beatl 55,388.0 - 17,98) • 3",468 Biu./hr. 
.I 
.. 4E.45 Btu./ar. - ft. a - Q],. 
(b) Baaed on Liquid Side Enthalpiea: :&un 'I 
Data; 'tops Product Ratel fB1 ce./'IJ1a. (5'7.15 I/hr.) 
.,,'-s P:roduet Rate; 5.0 08./1!4111. (0.40 1I=Ihr.) 
.reed Tem;peratllret 139.2 .,. 
, 
SeBsible heat w Vapor: (57.15) (21.2 - 138.2) .. 2'149.1 m-
Hr. 
Latent heat to Vapor: (5'7 .15) (9'10) .. 56035. f) Btu .. /u. 
Seu.81ble heat to Bottoms: Co •• ) (102.5 - 1:8.2) .. 9. '12 Btu./ar. 
N'- Se.'h 2749 .. 1 + 36035.5 + 9.72 .. 38,79 .... 3 »r.u./hr. 
( 5) Corre1a:Uon I 
Data: Feed Rate: 683.0 lIAr. 
Bottoms Rate, 4'11.i51Ita. 
(Bottome/Feed) .. O.89G5 
In (Bottoms/Feed) .. -0.116 
The area on a. plot ot .7!' ... s ·(1/,....%)· coun'UDg froa -%.::e84" 01' 4.024 




SuO$\1 tut1ng these Taluss in the general eQ.uation ot the CUrt'e aho_ 
gives; 
101 0.29 • log a ... • 10&· (0.0'16) 
-l.2fB • loa a + III (-2.579) 
log 4 .. 2 • log II. ... • log (2.8) 
1.43538 • log a ... • (1.02962) 
2. 6'1 !OS • 11 (~ .. 60862) 
• -
0.7405 
l.435l • log a i- 0.7'l 
a • 1.96 
52 
Table X (a) - Data on Water Runs 
Temperature. 
F •• S,ea P1"Odu ft B.aee 
Rlm Rate :!la'. Top a Bottoms feed ~ .. Dot tom a urlD 
No. (O .. P.a.) (1111'1.) (1Ihr.) "/hr.) . ,. of. oJ' • of. 
W-l 11.8> 45.00 22.00 68.00 195.8 218.4 100.6 26.0 
... 2 11.80 83.80 49.64 48.91 157.1, 225.6 199.4 51.4 
... 81." 82.10 4%.m 12'1.24 136.9 225.8 !OS.! 4~.4 
w--.4 13.50 59.75 44.2t '11.39 137.3 225.8 192.2 66.8 
.. 5 12.60 00.56 42.83 '6.76 140.9 225.8 192.2 55.3 
.. , 12.60 57.42 . 42.04 65.31 159.' 2£5.9 192.2 5&.0 
... " 4.10 57.51 3'1.15 0.40 1M.! 225.7 162.5 75.5 
"8 5.00 'ffI .. '1? 3>.80 0.00 1Sl..0 226.7 212.0 41.9 
1'-9 22.25 56.85 31..60 154..81 139.1 226.6 all. 2 49.0 
Yl-l0 21.82 5&.S5 20.93 1b2.29 136.4 225.8 201.2 50.2 
.. 11 2l.'fl 5&.fB 29.88 161.24 155.5 225.6 IDl.! flO.S 
1f-12 13.05 57.3'1 fO.49 260.70 1~ .. () 225.6 m5.'? 46.7 
lI-13 32.40 57.64 19.:1) 253.05 135.7 225.7 205.7 47.1 
'1-17 4&.6'1 89.90 55.71 $62.89 140.4 225.8 21.0.2 41.1 
.. 18 46.8'1 89.40 31.46 3t)6.94 140.0 . 22S.8 2lQ.! 41.2 
W-19 46.7' 86.59 31.46 :;65.93 138.' 225.8 210.2 41.' 
lI-8') 15.70 65.93 flO. 90 SO.ll 158.2 225.8 174.2 67.9 
,"21 15.:0 86.'12 51.03 75.36 138.2 225.8 185.2 62.3 
"21 27.43 83.29 40.98 188.12 138.2 226.1 2)5.7 46.2 
... 23 26.78 84.61 40.98 178.73 138.2 225 .. ' 006.& 44.8 
.. 24 26.24 86.99 42.&) 169.61 138.2 226.1 m6_6 45.4 
W-Zl5 25.92 86.19 40.45 170.54 138.2 225.7 ro6.' 45.0 
!abk X <a) - Data 011 W&t.,. :Ruu 
(Gent.) 
r..,eratur .. 
"'0 8tMa Produn a.te. lla. Rat. (,;e.) Bott .. FeM s ... Bottou IJm) (G • .Pd.){I,Aw.) (#1-.) 0,. Op. Op. 0,. 
.... e 16.eo lU.61 ".16 1"." lJI •• a2l.0 106.6 41.1 
.... , 111.24 • IM 1..98 8U.S • 118.2 126.1 212.0 i9 .. 1 
w-ll 11.80 1~.1' 18.11 67'S •• 11'.4 116.' 211.1 '1.1 
w-a9 9\1.74 89.JO 19<J~ 670.58 lie •• us •• 211.1 41.1 
w-ao II.A ae.a 0.00 190 •• 1M.' 11i.I Itl.1 .. .. 
.-11 2t •• a.1I 0.00 191.l~ 114.8 Iii.' 114.0 44.9 
• -a2 21 •• 41.11 0.00 l8O.OI 1'2.8 116.1 201.6 M.8 
• -$1 22 •• 42.1' 1.1. 186.a, 111.0 8US.1 10$.6 16.0 
.. 14 21 •• 40.$1 o.tl 189.61 111.0 116.1 lOa.a 14.' 
If-Ii 21.ee to.D 0.00 188."11 111.0 218.1 108.8 M.6 
...... 21.88 8.14 14.01 17'4.60 111.0 t19.1 106.8 18.' 
.-" 41.11 '4.86 0.00 HI." 1M.' 21'.1 181.2 64.8 
..... 41 •• 51.11 0.00 161.8. 114.& 218.6 Ut.' 41.8 
w-u 40.60 ,- 0.00 111.11 116.' 21"T.t toe." a.6 
1f-d '1.80 M.I' 0 •• 1 •• 14 116 •• lUi •• 101.4 al.1 
.-41 41.tO 61.9. 11.10 .a" • ." 1".' 119.4 108.4 II.' 
.-4. 42.44 18.'1 18.'1 aM." U8.4 110.' 101.4 ".4 
...... 42.98 ", .• 11.51 1$6.26 116.4 211.0 lO8.ol .Slel 
W-M M.04 62.80 0.00 IM.Of 118.1 111.9 110.1 10.8 
..... A.'4 M." 0.00 111.6& las.1 219.8 210.1 II.' 
W-t6 61.61 14.10 6.61 621.61 IH.' 111.6 109.' l8.t 
, •• le X (a) - Da __ w...r I.uu 
. (Con'.) 
Teaperaturel 
r .... ....... PrG4uot Rat .. 
" 
R ... hw bt. ~ Bott .. , ... It.... Bott_ LIITD 
••• (G.P.lI) (#/hr.) (,jar.) (I/hr.) or • ep. or. Op. 
... ., A.e. TS.ll 8.61 114 •• 1 .... 120.9 110.1 16.T 
.-48 81.5' ' ".&1 '.S8 601.'1 11$.' 221 •• 210.2 19.4 
.... 10'1." 14.''1 0.00 1011.a. la.2 211.8 210.' R.O 
.-eo 101.01 86.99 0.00 161.14 111.2 121.8 210.6 16.0 
.-61 105.R 81.11 0.00 ..... 118.1 111.9 110.' 11.1 
.... 104.'11 86.lt 0.00 8M.42 118.1 221..' 110.6 36.2 
.-11 101.1. M.ll 0.00 tH." 118.1 114.1 108.0 .1.T 
W-M 1M.T. 11.'1 0.00 eaa •• 118.2 214.T 209.0 '1.1 
W-I. 101.1' 111.Q- u.la 8h.U 118.1 U,., 210.1 ".1 
.-16 1oa.14 111.10 11.11 8U.M lU.2 118.0 110.2 M.' 
W-'T 11.1' 88.12 •• 08 lal." 111.2 111.1 It'.1 10.1 
W-&8 20.11 'fI.Oi 11.51 1'1.,8 118.2 111.2 lit., ".1 
... 10 •• 11.11 11.18 118.11 ue.1 222.1 100.1 te.l 
...... ao.n I9.SO 11.62 U6.01 118.2 112.1 100.1 ".1 
... 1 11.11 81.01 42.10 118.66 lR.1 215.0 101.' " .. 
'If-" al.18 11.08 Il •• i 1U.18 118.1 211.1 106.0 '1.0 
.... , '1.91 88.84 18.24 118.0'1 118.2 Uf.l %09.1 44.1 
.... ".09 61." f.01 150.11 1 •• 1 Ilt.1 108.4 15.0 
If-.' 41.42 66.44 T.01 160.1$ 1 •• 2 211.1 108.4 H.6 
.-61 41.09 19.68 11.11 'M.68 118.2 2U.4 aq8.4 40 •• 
,,-. .2.66 lD6.'4 51.82 104.'"' 1".2 ue •• 108.' 48.1 
TaDle X (lit) - Data on Water Run. 
Oi:ERALL 
COU,i'lGI14ft 
BAt (lU.AftI1'II' 011 1'.l'I.A.M aIDS 0.1 1:Wlf 
'.l'lUlIS.:n:R 
:Rua 1! SteS Heat LoN lIet st •• a .. Jar. 
Jlo. _ ... /ar. Btu../hr. .Btu. /.b.1". sq. ft._o,. 
'1-1 4M7i.OO U900 31579.00 10Z-90 
'1-2 80669.85 18090 62&79.85 104. US 
1'-3 79035.00 18090 6094f).~ 1a1.13 
.. 4 57497.'10 10090. 59407.70 59.35 
, 
.. 5 56440,05 l.8090 38300.05 59.32 
... 552>9.30 18100 3'll09.30 56.69 
.. " 55388.16 1 "l920 37468.m 42.45 
ll-8 55676.64 179m 37756.64 77.08 
... 9 577fJJ.73 1 '7190 399:&>.75 66.22 
'1-10 54805.fJO 18090 36715 .. 9) 6 E •• 56 
W-U 545 ... 39 17790 36738.39 62.46 
1'-12 55297.75 17790 3'1007 .. '15 6a.71 
.. 1S 55580.48 1'lO92 3766Q.4B 68.40-
.. 17 865$5.00 18090 68«5.00 loU. 44 
... 18 859fl8.10 18090 67868.10 140.91 
.. 19 85458.%0 18090 65568.10 134.42 
... 31 82785.15 18090 64695.15 81.51 
'1-21 8ili65.04 1aooo 685&:5.04 94.14 
11-22 80180.7, 18260 6198).7' 114.65 
.... 2S 81447.52 17840 63607.52 121.45 
.. " 
8373'1.94 18260 65477.94 123.37 
'lui. X (It) '!* Data _ Water Rau 
(~.) 
0l'RI&U. 
BlAt" QUdTITIBa Oti S'1'B.UI 8mB COE"ICllft 
0' UU 
1.$-" Heat to .. lit" at ... nos,.. 
.. H11~J&~ Jiit:}'ii. ltu./iii'. JARI.)IIi • 
.. ~ a,. ft.-.... 
.' .. , .lta6.08 17100 61081.OS 121.f' 
.... 11 a81 ••• 18140 fOOIO.18 111.12 
.... , 891i1.11 IfHO 1l108.1' 166.8. 
W-u 1002".46 18090 821t4.46 170." 
W-b 86616.00 l8Ot0 G8K6.00 142.11 
.-10 asUl.IT .800 259".11 ''1.S0 
, ... -.1 18'U.'T 1100 28811.67 M.88 
W-Il 41581.28 tfOO 1188i.28 18.42 
• -sa 41211.' • 10100 10919.1' 15." 
W ...... HOIt.OS 10100 1ft91.08 f1.48 
fI-. 8099.11 10000 29089.11 n.lI 
V-II a68a'.44: lU40 Ma4A." lIt ... 
.-af 41116.00 lotIO $2185.00 1O ... 
• -18 1I .... f! laooo Uua.1 • IO.M 
w ...1t 11600 
- -
.-40 UlS8.QO IOMU .,U6.00 11 •• 06 
... 1 a179I.oo 12"110 49011.00 U1." 
.-fa a61.,4.,at la610 52594 •• 110.4' 
1f-61 fZOOl.1I 1 ... ,40 ''1261.11 125.31 
.... 8Of92.86 11100 49al.86 136.81 
" 
·, 
taltle X ('It) ... Data ..... r .... - (Ceat.) 
~~ O'fD'u. 
COBfrlClBIf 
BAt QUUfIfIlS • 1'lBU lIB or BAt 
1tiUDI 
a- la .... . .... £eN ada __ KI.7&. 
h. IG.}&. .... /Li. Hll./& • q. ft .. ....,. 
...... ,,,' .. 7 ··1 •• ... T." 11'.11 
...... 71 ..... 11110 IM".to 116.11 
..... , fMOI.'It llTaO MlII.fI llt.14 
..... llU7 •• 1 .. ... 7.A 142.1' 
.... .~ .... 1~ ...... .uaM 
.... 4t ..... lU10 ..... lK.1I 
.-11 IbM •• ., 14718 
"'..I'f 141.78 
... 1 
.. 1 .... ' 14,., e8U4.IT 161.18 
..... .,.191.10 . 1.,.. ..,2 .• 111.1' 
f 
..... m ••• 1101. IMIO •• 111.n 
! 
..... l.CJ9OOI.tO 1Iao 88.ft.to 171;." 
.... "lOf.11 ... 18.".11 110 •• 
...... .iII't~H " ... -,,~-. Htn '" 
;t .... ..... n 1 .... MIll." ~ tt ••• 
..... "'.11 1 ... 1UI'.It;. 100." 
...... met •• 1 .. UIII~.~ .7.4' 
w-tl T8Ol8.1O "THO ..... 111 •• 
... ..... " '14010 "14.14 'l.a 
w .. ..... 10 11110 018& ... 
..,;0!?,lD.l0 
..... ...... III. ...... ··':1II.D 
.... , ..... ll1TO IOOA •• 1».41 
w-u 16112.58 15250 6046%.6' 128.01 




table X (.) - "a' 1'rauter I ..... em Liquld a14. nau 
~. 
BAT QUUTlTIIS 01 LIQUID II. eo.ttl.l .. ,
otaeat 
"apol" Vapor lotto .. fnmat'.,. 
:lUll (MU.iblAt) (latat) (MI181ble) .et Ii .. , 1ttu.~. 
• 0. Btu."... Hu./Ar. ._./hr . Btu./hr. ....ft. -0,. 
\1-:1 1$6.40 11140.00 ,".40 U186.OO . n.H 
....-.. Inl.oo .aUiO.80 1047 •• MHO .. '0.40 
.... 5191.1 • 411 •• 00 'l'l.U 61578.01 101.eo 
....... 1108.46 429'l.JO 1919.11 60189.01 'S.it 
..... 1 1OtO.9' 41146.10 H24.ft 48010.d "'.1' 
... 101 •••• 4Om.80 1415.11 412 •• et TI.l' 
W-" U.9.10 16011.10 t.ft "'Itt.U 41.'1 
.-a 1414.10 298"1.00 
-
111'10.80 H.Of 
..... 2108.80 ,,1.00 9111.TO 426'72.50 " .• 
W-I0 IllS. 11 l000I.10 8' ... &9 411oe.GO 'l.tl 
W-u 1186.81 28181.80 9tH.'" 41206 •• TO~08 
.... 11 . Iln.1' 1ge'I.1O 1801.4t ... 4.U ".01 
... 11 1511.11 18711.00 18118.16 184iO.16 69.81 
.-1' 2411.ai .lt8.10 2SSb.TI 60442.04 125.ao 
"'18 226&.11 10516.20 150$T.l' 51'18.51 120.09 
.-19 lJot.I' JOI18.1O 1(200.69 .016.9$ 121.18 
\1-10 11i6.42 49111.00 1881.1' HOll.1I 10.1'1 
.-11 "'61.01 ."'.10 1190.71 i616'''' ,.,. ft) 
.. -at 1024.11 19n;o.80 1288.10 &64.,1.01 101.11 
'-11 IOI •• U • 71O.to 18216.11 6&000 •• 106.01 
..... 2. 1121."" 41011.00 11801.11 11754 •• 101.01 
fable X (.) - aeat Tranete,. BaM4 _ Liqu14 S1_ Data (Cemt). 
<- BEAt Ql1AHI fIBS OJ: LIQUID aIDS Coettlo1ent 
of a.at 
Vapor _per Bett ... 'franatel" 
lhm <_aib1e) (laWn,> ( .. elble) 
-.--... " 
B1:u.~. t- Btu./taI". BW.,Itw • " •• /Jar. "./hr. • 0. -n. ·or. 
.-11 1886.11 19Z".1O 1UM.94 6I88t.86 102." 
.... 1 IJU ... f 4?116.50 11410.71 "604.U 108.69 
.... If 1,y.ll 1910.10 41"1.01 QIII." 118.U 
If-18 I.' .• 1"&4.'0 "111.41 la52i." 129.8% 
.-a9 It19.41 114 •• 80 4iTH." II ..... 1IO.0f 
.... 
-
... 10t80 •• leaaO.b 28.14 
0, W-Il .;. 111M.to 11114.10 11.81 .. 
..... '1 
-
.. IS'4I.94 11'41.'. 11.80 
,,-sa la.11 ltA.tO 14061." 1.59 •• a.ft 
"-M fl.al 901.10 14Sll.49 15108.9% 1T.1. 
.-a6 .. .. 142'1.'17 14211.'" as.tl 
... , 1114.81 1".70 11191.10 Inl •• n 81." 
.-aT ... 110t0.D IT080.JJ I'.A 
__ sa 
-
... UfJ&1.02 noel.OI 45 •• 
..... 
- -
24141." 14148.24 11.18 
.-to 
-
161 •• 88 l&lS'.88 .,.". 
..... 1 819.1' lOf'Y.OO 24111." 11t21 •• 88.1' 
w....u 1$99.11 111M. TO 24111 •• ""'1.16 II.M 
..... 1118.81 n8'.f,.10 hl18.ft "'41.89 lCM.fI 
If-" - .. SS4M." 18 ...... 108.11 
.--U 
- -
.416.U 18418.12 .T." 
fable X (.) - R .. t fran de .. laaed OIl Liquid 81de Data (Oon".) 
lEA,1' QUAn'ITIES 01 LIQtJID 5mB Oo.ll101 .. :t 
ot E .. t 1'.,.1' Va,... Botto. !rand.,. 
a_ < __ 1.1>1.) (laten,,) < .. _tbl.} J.t Bea' J_.~. 
. . Jlo • .... ./kr. Btu./!ar. ".)br. Ittu.Jkr. -ft.-or. 
..... .9.11 M11.TO 18181." UOTI.IO ".lY 
r . 
..... 1 .t.ft Hl1.10 _ea.11 45110.40 109. TO 
..... 669.82 1.4.10 .1191.61 4M11.11 100.11 
...... 
-
fJUO.19 ,.taO.1e IT1 •• 
W-5O 
- -
~91J.u 88911.11 It'. l' 
.-61 
- -
8OUI •• , 80518.1' 141.01 
.... 1 
-
.. ..J.01 MOII.Ol 111 .. 1 
W-61 
- -
80111.11 "'6t.O U4.4a 
W-If 
-
eot51.U 606S1.11 114.91 
W-II 1116.51 22824.10 6U.o.48 84811 •• 168 •• 
.... 6t ITM.il a28".10 61014.08 8Ii'4.69 160.98 
.-i1 21d.l0 2810'.10 ".'.41 .091.11 66.48 
ti-&8 2191.91 $l144.tO '_.18 42611.61 ".,. 
.... 1478.20 116'11.eo .581.U "",." 10." 
If-to 2199.98 11"".40 ... , .• .. 191 •• 4 18.M 
.. -11 1151 •• 414:1.'.00 8101." n., •. oo '8.95 
...... 16U.91 2lbl.&O 106'79.18 "'1.11 88.11 
. --
tMe.ll 11.2.80 11614.18 41 ..... 10 •• 
W .. 517.14 ."'9.10 24691.1f 11110.11 n.tt 
..... , 517.34 
."' •• 70 14591.17 11tl0.11 1 •• at 
.... 17M.51 12814.10 1162'1.91 48188.11 101.01 
....... 1824.11 601 •• .ftO l1Ma.Ol 114:34.'11 IM.1' 
'.bl. XI .... Data on Aloohol Ruu 
~-
,.- 'lope ........ ........... tul'M 
.. &at. Pro4uu ProcIuet ree • Bottou T:r.r UIft) 
10. #/&. 1M. t)1ii~ - ...,-; er. --.,; 
Al-1 216.2 42.10 119.'19 160.0 201.0 208.6 ".0 
AA-I 182.4 48.W1 111.26 IH.I 101.8 208.6 'f.a 
U-a 'f6.0 60.50 sa1.J. 1M.' 10.,.6 206.4 41.1 
AA-4 118.0 .&8.11 606.3' 114.4 108.4 2O~.1 40.1. 
,U-i 116.1 68.10 116." 184.6 194.0 109.' 66.0 
.u .... 110.0 60.65 108.01 114:.6 2Of.$ 2OT.2 U.7' 
JA.-1 iIO.O 67.64 471.t6 134 •• 1OS.4 106.0 4&.' 
U ... 10.0 47.S. 112.95 IM.a 201.2 200.6 46.' 
.u .... 166.0 5T.lf 111.11 114.a 208.4 ".6 40.1 
.&A-IO 17'8.2 41.10 lav.M 106.8 198.6 %O8~O S9.0 
AA-U 149.0 .0 •• JOt.OI 106.8 lUT.S 201.6 50.6 
""'-11 610.0 15.91 491.76 10&.8 108 •• 202.1 49.2 . 
.. -II 1h.1 a." 9S.88 111.1 ~.o 10&.4 to., 
l.A.-I' $49.0 8$.U 1M • .f.O 111.2 204.8 199.4 60.' 
.u-u 16&.9 71.9' 8O.M 11,1.2 199.4 .QI.8 eo •• 
..,.-11 1U.O 60.'4 ·116.60 116.' 191.' 208.8 60.2 
A.A.-1' 164.0 74.81 286.61 1".4 2Ot.' 101.1 D.O 
»'-18 5M.0 . 80.91 461." 116.4 lOIS .. 191.0 41.0 
fable XI - Data on Aleebollbma (Con".) 
,,-
lateR" !etal 
JtlDl lid' ftU.! !O VAPOa Beat f. Hat h. ot Vapor .... 11,,1. :La ..... 8M ... !frauf."," 1J 
A,A .... 1 90S 2901.1a I8Ul.1O 1112' • .0 ili-l0." 102.09 
u.-I ., HD.H 418 ft .. 11 .. .,.,.ft iae.u 101.10 
u-a 8M 1071 • .0 "1".00 UUO.1f 'f'OHI.I' 141.8. 
AA'" .,' POl.OI .0.,.,.6& ,.,.".08 81'.'." 1'1'.1$ 
AA-i 112 4A02.iO A6M.4G .OS.II MSd.U 9'.06 
.u-e en ... o.tO 11190.88 22181.10 "6'17" • Id.M 
ll-7 885 4061.8' 49818.60 34811.60 887 • .u 161.19 
.,u.-e 8" 1589.60 41016.14 8188.4"1 Mi04.11 101.1S 
Ai.-9 871 4184.46 4&996.40 Ul28 •• 1 7'S08.T8 164.91 
A.A.-I0 906 "".91 19005.60 12010.11 ~K".61 80.41 
.u.-l1 816 f.OII.8. li4OIJO 3ua.uo '10698.16 119.tiI 
.&a-ll 860 MG ••• IOtli.1O ao88t.to 852".11 148." 
AA-ll au 59'f'.8., &1691 •• "'".50 "w.al II.iO 
U.-" .,a. '.'J.II 8&8.,..80 ""'1.80 9,..'.11 1.6.11' 
AA-II ad I8EM'- '1891.80 "11'.10 '1811." 101.10 
A.A-l. M2 dill.'" 61112.M flU.91 UNf.1I 101.'. 
AA-If 100 4918." 69871.00 li19t.Ol 14$87'" l •• U 







,_ aatMJo wi ...... to • .". ........ appreel.tloa _ 40" L 
SeqI'D " ..... Iae~ ~or .tbt& .. ftla .". _*111 .. WilDte ter W. 
....... ll pro,.. •. 
" 
'I'm 
......... J ..... ns-tl ... bon .f ~ Jo • .,1t ... toul .. 
IJ'O_ Ki1IIIe-l _ ...... _. 1910. _" J,.oU,1ft111.. J-at-Jr:.r. .. ..... s. .... 
hi. pr1al7 __ ... tl_ at .t. Jo •• Paroeh1a1 .... 1. h1 ....... ..,. 
tnll11DC at at. k't'ler Ktp a.hool. azul. hi ... 11.,. 'ntlll1Js& a' U. 
8pMi Sol.nUlo "Iaool ...... 1Y1Dg IU ....... lol't. Dqne 1a Cllntoal 
I1lcbl •• l'iac b *7. Uti. .. •• 1:en4 ,_ Jl1.CIl' 41;9'1.10. of Adul' 
u ... ttoa in J'laq. 1941, &114 ..... 1 .... Jl1 •• ateJ". l)epe4t 1a 0 ...... 1 
bel __ iIlC troa ,he tJa1 ..... t'Y ot Louinille 1Jl ......... ,. 
Aft ... oomplo'Uoa .f hll ""rcra4u- work, lIP. 11 ... 1 
ew1'e4 "he ..,1.,. of the J. P. Go..,l_ eo •• l:.u1.9'~tlle. Ientuft7. 
__ ". MOb_lud lOa grOUD4 werk in the fieU ot 1B4utr1&1 ,ladt ••• 
In GnoN" ot 1841 ... join_ ... ataft .t the 4o • .,1l &. a~ ~ lou. 
ta. •• B.w.dl_ Pi1" 'lant ITo'eft_ Utel'tM \erstati_ ot the 
ruber reae&Hh program. .. "'1 tnu.l.neel 1io the a ....... a •• eanh. 
~.tor1 ..... IeItl&l"Oh .. d n. .... l.,...t .. 1...... 1.&_" ... '" 
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